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Hamre, D. and M. Beem (DepL Pediatrics, Univ. of Chicago, Chicago,
111. 60637). Virologic studies of acute respiratory disease in young adults.
V. Coronavirus 229E infections during six years of surveillance. Am J
Epidemiol 96: 94-106, 1972.—In a surveillance study of acute respiratory
disease in medical students that spanned six consecutive seasons between
1961 and 1968 and encompassed 937 student years of observation, infec-
tion with coronavirus 229E was identified by virus isolation and serologic
studies. Virus isolation identified 12 infections, 8 in one season, 4 in an-
other. Complement fixing (CJF) antibody titer rises identified 133 infec-
tions that occurred in all six seasons of surveillance, involving from 15
to 35% of students in three seasons of "high" prevalence, and 1 to 5%
in intervening seasons of "low" prevalence. Infection occurred in a win-
ter-spring seasonal pattern and was associated with acute respiratory
illness that was not clinically distinctive. Neutralizing antibody to 229E
was commonly present in the sera of the students. The level of this did
not appear to influence the occurrence of, or likelihood of illness with,
reinfection as judged by CF seroconversion; however, the frequency of
significant rise in neutralizing antibody titer with reinfection was in-
versely related to pre-infection levels of this antibody. Infection with
other common respiratory viruses did not stimulate significant CF or
neutralizing antibody titer rises to 229E.

coronaviruses; respiratory tract infections; serology; viruses

INTRODUCTION nated "229E" has previously been reported
rr,, . , ,. . ,, ,, , , from this laboratory (1). I t has subse-
The isolation m cell culture and charac- . , , /, ; '

. , . . . quently been shown that this ether and acid
tenzation of a new respiratory virus desig- . . . . „ „ . . . .

labile RNA virus shares morphologic and
Abbreviations: CF, complement fixing; CPE, biophysical characteristics with other

cytopathic changes; HDF, human diploid fibro- human respiratory viruses that can be iso-
blasts; HI, hemagglutination inhibition; HK, j a t e d o n l y i n Q r g a n c l , i f c u r e of human respi-

M^^i^"^M^«Lt"S ^ ^ e P ' t h e l i u m V 3) ^ that these
ney; RS, respiratory syncytial. human respiratory viruses, in turn, are mor-

1 From the Departments of Medicine and Pedi- phologically similar to avian infectious
atrics, University of Chicago, 950 E. 59th St., Chi- bronchitis virus (LBV) and mouse hepatitis
cago, Illinois60637. virus (MHV) (3-5). The term "coronavi-
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rus" has been proposed for this group of
viruses (6).

Definition of the antigenic composition of
the human coronaviruses has been limited
by the small number of isolations so far
reported (14 in tissue culture, nine in organ
culture) and the inability to adapt most of
the organ culture strains to more practical
laboratory systems. At least two immuno-
types have so far been distinguished: one
consisting of 229E and all of the other
strains derived from primary isolation in
cell culture, and the other of organ culture
strains OC 38 and 43 (7). The number of
additional immunotypes represented by the
remaining organ culture strains is as yet
uncertain.

That human respiratory coronaviruses
have the potential to be respiratory patho-
gens has been demonstrated in artificial
challenge studies: common colds have de-
veloped in significant numbers of volunteers
inoculated with coronavirus strains B814
and 229E (2, 8). However, little is known
about the extent and significance of infec-
tion with these viruses in naturally occur-
ring acute respiratory illnesses. The rela-
tively complex methodology of organ cul-
ture systems limits the applicability of this
technique to etiologic studies, and, although
the primary isolation of 229E-like strains
can be accomplished in cell culture, this is
usually quite difficult to do. Even so, the
isolation of multiple 229E-like strains from
adults with acute respiratory illness has
previously been reported on two occasions
(1,9), and a third is described below.

The application of serologic techniques to
the question of prevalence and significance
of human respiratory coronavirus infections
has been circumscribed by incomplete
knowledge of the serologic interrelations of
the group and the restriction of laboratory
methods suitable for such studies to tissue
culture strain 229E and organ culture strain
OC 38/43. Antibody prevalence surveys in-
dicate human infection with these and/or
related coronaviruses may be quite common
(8, 10, 11), and serologic studies have sug-

gested an etiologic role for both 229E (9,
10) and OC 38/43 (9, 12) in acute respira-
tory illness that was not selected on the
basis of severity. However, in a study of
acute lower respiratory disease of infants
and children that necessitated hospitaliza-
tion, there was no complement fixing (CF)
antibody evidence that infections with these
viruses played a significant role (11).

The following report of serologic and epi-
demiologic studies of 229E virus is based
upon observations made in the course of a
continuous surveillance of respiratory dis-
ease among medical students at the Univer-
sity of Chicago during a six-year period be-
tween 1961 and 1968. It includes observa-
tions on 1) CF and neutralizing antibody
responses to 229E of eight previously re-
ported (1) and four additional individuals
from whom 229E virus was isolated, 2) the
persistence of neutralizing and CF antibody
in 12 other individuals in whom infection
with this virus was diagnosed serologically,
3) the occurrence of neutralizing and/or CF
antibody responses to 229E virus in the
course of infection with other respiratory
viruses, 4) the overall occurrence during the
six years of respiratory disease surveillance
of CF antibody rises to 229E, 5) the rela-
tionship between neutralizing and CF anti-
body rises to 229E in 189 of the students
under surveillance during the 1966-1967
season, and 6) the relation between 229E
virus infection and acute respiratory illness.

MATERIALS AND METHODS

The methods employed for surveillance of
the medical students and isolation and
identification of respiratory viruses have
been reported in detail previously (13, 14).
They were briefly as follows:

Medical student surveillance. Medical
students participated in the program on a
voluntary basis. Only students in the first
two years of school were included during
1961 through 1963. After that students in
their third and fourth years, as well as a
few who had gone on to internship and resi-
dency were included. Students reported to
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the laboratory at the first sign of an acute
illness and secretions from the nose and
throat were obtained on cotton swabs which
were subsequently placed in collecting me-
dium. The first of two "illness" blood speci-
mens were obtained at the time of the origi-
nal visit and the second two to five weeks
later. At this time a brief form describing
the symptoms and duration of illness was
completed. Additional blood specimens and
cultures were obtained from all participants
at six-week intervals on a routine basis.

Virus isolation. Over the several years of
the study there were minor variations in the
media and cell cultures employed for virus
isolation. Throughout the study all speci-
mens were inoculated into cell cultures of
rhesus monkey kidney (MK) and HEp-2.
Human kidney (HK) cell cultures were
also employed routinely in 1961-1962. Af-
ter this time, human diploid fibroblasts
(HDF), WI-38, or HEL-1 (a University of
Chicago strain), were routinely employed
and HK was only used periodically.

Cell cultures inoculated with specimens,
and an appropriate number of controls,
were incubated at 36 C (MK, HEp-2) or 33
C (HK, HDF), stationary (MK, HEp-2),
or rolling (HK, HDF) and observed at reg-
ular inten'als over a 20-day period for the
development of cytopathic changes (CPE);
MK cultures were also tested for hemad-
sorption.

Virus isolates were identified by neutrali-
zation of infectivity or hemadsorption in-
hibition employing appropriate antisera.

CF test. Bottles containing confluent
HDF monolayers were drained of medium
and inoculated with enough 229E virus to
provide about one plaque forming unit per
cell. After a one hour absorption at 33 C,
enough maintenance medium (Eagle's Min-
imal Essential Medium with 1 per cent fetal
calf serum) was added to cover the mono-
layer and the bottles incubated until the
first appearance of CPE could be detected
(about 36 to 48 hours later). The bottles
were then frozen and thawed three times

and the debris removed by centrifugation.
The supernate was divided into small ali-
quots and refrozen for use as CF antigen.

The CF test was performed in microtiter
plates essentially using the method of Sever
(15). Antigen was titrated by the checker-
board method, employing acute and conva-
lescent sera of a student from whom the
virus was isolated in 1961. Two units of
antigen were employed in the test, along
with two exact units of complement which
had been titrated in the presence of antigen.
After overnight fixation at 4 C, the hemo-
lytic system was added and the plates incu-
bated at 37 C for 30 minutes. Readings
were made after the cells had settled in the
refrigerator for three to four hours. Titers
represent the highest dilution showing 3+
to 4+ fixation.

Neutralization tests. Twofold dilutions
of heat inactivated serum (56 C for 30 min-
utes) were made in beef heart infusion broth
and mixed with an equal volume of virus
diluted to give 5-50 TCID60 of virus per 0.2
ml of virus-serum mixture. After incubation
at room temperature for two hours, three
tubes of HDF were inoculated with 0.2 ml
of each virus-serum mixture. Appropriate
virus controls and titrations were included
in each test to provide a concurrent deter-
mination of the actual TCID50 of virus
used in the test. Final readings were made
after three to five days of incubation on
roller drums at 33 C, when virus control
tubes showed 3+ to 4+ CPE. Tubes show-
ing any degree of CPE were considered pos-
itive and endpoint titers represent the high-
est dilution of serum neutralizing the virus
dose (indicated in parentheses in table 1) in
at least two of the three inoculated cell cul-
tures.

SEROLOGIC OBSERVATIONS ON

STUDENTS FROM WHOM

229E WAS ISOLATED

Twelve 229E infections were identified by
virus isolation in the six-year surveillance
period and the serum neutralizing and CF
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antibody responses to 229E that occurred
following these infections are presented in
table 1.

Neutralizing antibody was present in the
pre-infection sera of eight of 12 students at
titers of 1:2 to 1:16. Of the four students
"without" pre-infection antibody, three had
titers < 1:8 and one was < 1:4. Post-infec-
tion, eight of the 12 developed fourfold rises
in titer, with 1:64 the peak titer observed.
CF antibody was absent (<1:4) from all
pre-infection sera. Post-infection sera
showed fourfold or better rises in seven of
the 12 and an additional student had a two-
fold titer rise.

Thus, in this small experience, two thirds
of individuals with virus-shedding infec-
tions developed significant rises in either
CF or neutralizing serum antibody titer.
The majority of the negative serologic re-
sponses of infection were contributed by
three students who failed to develop either
neutralizing or CF antibody titer rises and
were alike in the additional respect that all
were "without" pre-infection neutralizing
antibody. It was not possible to reconfirm
these isolations because material was not
available for reisolation attempts, but it
was determined that the strains of virus
isolated from these students were antigeni-
cally similar to the prototype to the extent
that they and the prototype strain were
neutralized with equal efficiency by 229E
hyperimmune guinea pig serum. It was also
determined that these students failed to de-
velop a neutralizing antibody response to
their own as well as the prototype strain of
229E.

PERSISTENCE OF CF AND

NEUTRALIZING ANTIBODY

In 12 other medical students, 229E infec-
tion was identified by CF and neutralizing
antibody seroconversion early in the course
of their participation in this surveillance
study. Serial serum specimens were availa-
ble from them that extended over a two- to
four-year period. The persistence of anti-

TABLB 1

Serum CF and neutralizing antibody response to
2S9E virus: 18 students from whom this virus

was isolated

Student
identification

220
227
229
241
243
276
297
299

0661J
0744J
0765|
0312J

i\ntibody titer to 2»E*

Neutralizing

Pre

8
<8

g

4
8

4
< 8
16

< 8
16
8

< 4

Post

Sg (5)f
Sg (5)
Sg (30)
Sg (50)
se (50)

>Sg (50)
8 (5)

32 (30)
<8 (30)
64 (30)
Sg (60)

<4 (60)

Complement fixing

Pre

<4
<g

<4
< 4

<4
<4
< 4

<i
< 4

<4
<4
< 4

Post

16

4
8

< 4
16
8

< 4
8

< 4
J0

< 4

* Reciprocal of initial serum dilution; signifi-
cant rises italicized.

f TCIDM of virus used in test.
% These 229E virus isolations not previously

reported.

body observed in these students is summa-
rized in table 2. Considering neutralizing
antibody first, three of the 12 "lacked" an-
tibody to 229E virus in the pre-rise serum
while the remainder had titers ranging from
1:4 to 1:16. Peak titers ranged from 1:16
to ^=1:128 and 22 to 28 months later titers
were still significantly higher than pre-rise
levels in seven of the 12 students. In con-
trast, CF antibody titers were < 1:4 in the
initial sera of all 12 students, rose to peak
values of 1:4 to >1:16 and in all cases
returned to < 1:4 within one to nine months
following peak values. The persistence of
neutralizing and evanescence of CF anti-
body to 229E implied by the common oc-
currence of neutralizing but not CF anti-
body in pre-infection sera of students, is
demonstrated in these data. Also, the pres-
ence of neutralizing antibody in the pre-
infection sera of nine of these 12 students
with seroconversion to 229E, as well as
eight of the 12 from whom virus was iso-
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TABLE 2

Persistence of CF and neutralizing antibody following H9E virus infection*

Student
identification

0237
0531
0503
0459
0516
0535
0532
0505
0515
0453
0486
0498

Antibody titer to 229Ef

Pre-
rise

< 4
< 4
<8
16
8

16
4
8

16
8
4
8

Neutralising

Peak

128
16
32
64

>128
>128

32

>128
>128
> 6 4

16
32

Final

> 3 2
8

16
32

> 6 4
32
16
8

>64
16
16
16

Time interval-
peak to final

3 yrs 2 moa
3 yrs
3 yrs 2 mos
1 yr 10 mos
3 yrs 5 mos
2 yrs 2 mos
3 yrs 3 mos
3 yrs 11 mos
3 yrs
2 yrs 2 mos
4 yrs
2 yrs 9 mos

Pre-
rue

< 4
< 4
< 4
< 4
< 4
< 4
< 4
< 4
< 4
<4
< 4
< 4

Complement fixing

Peak

>16
8
8
8
8

16
16
16
4
8
4
8

Final

< 4
< 4
< 4
< 4
< 4
< 4
< 4
< 4
< 4
< 4
< 4
< 4

Time
interval—

peak_to<4

6 mos
8 mos
2 mos
3 mos
6 wks
3 mos
9 mos
8 mos
6 wks
6 wks
4 wks
5 mos

* Infection identified by 4-fold or greater rise in neutralizing and 2-fold or greater rise in CF anti-
body titer.

t Reciprocal of initial serum dilution.

lated, underscores the natural occurrence of
reinfection with this virus.

SPECIFICITY OF SEEOLOGIC
HESPONSE TO 229E VIBUS

Information concerning the specificity of
the serologic responses to 229E virus was
sought by examining pre- and post-infection
sera of students with virus shedding respi-
ratory infections caused by other viruses.
CF and neutralizing antibody responses to
229E virus were determined following infec-
tion with rhinovirus (82 students), herpes-
virus (12 students), respiratory syncytial
(RS) virus (16 students), influenza virus
(A2—two students, B—10 students), par-
ainfluenza virus (type 1—four students,
type 2—five students, type 3—six stu-
dents), and adenovims type 1 (one stu-
dent) . Four increases of 229E CF antibody
titer were observed: two followed rhinovi-
rus infections and one each infection with
herpesviras and adenovirus. With two of
the CF rises (herpesvirus—one, rhinovirus
—one), there were concomitant increases in
the titer of neutralizing antibody to 229E.

All rises took place during time periods of
known 229E prevalence. Since these CF
titer rises were few in number, accompanied
in two of the four instances by rises in neu-
tralizing antibody titer, and occurred dur-
ing times when concomitant infection with
229E was possible, these data are inter-
preted as showing little, if any, evidence of
heterologous responses to 229E in the course
of infection with the indicated respiratory
viruses.

CF ANTIBODY SEKOLOGIC SUHVEY—•
AT.T, SURVEILLANCE YEARS

Because the cytopathic changes of 229E
in human diploid cell cultures are difficult to
detect, it seemed probable that a serologic
test would better estimate the true inci-
dence of infection in the medical student
group. For this, CF tests were performed on
all sera collected between November 1961
and May 1968, including both "routine"
specimens collected at six-week intervals
and acute and convalescent "illness" speci-
mens. In doing the CF tests, it was found
that almost all sera were completely nega-
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TABLE 3
SS9E virus isolations and antibody rises among medical students by surveillance year

No(s). of students

Under surveillance
With 229E virus isolation
With CF antibody rises*
With neutralizing antibody

risesf

Surveillance yen

1961-62

110
8

34 (31%)
20

1962-63

116

6 (5%)
0

1963-64

137

21 (15%)
14

1964-65

182

1 d%)
1

1965-66

201

5 (3%)
2

1966-67

191
4

66 (35%)
29

ToUl

937
12

133 (15%)
66

* CF rises included seroconversions (<4 to 4) confirmed by retesting as well as instances of fourfold
or greater rises (see text).

^Neutralization tests performed only on students with CF rises.

tive for complement fixation at the initial
1:4 dilution. When, in a series of specimens
from one student, a positive reaction was
found at but not beyond this 1:4 dilution,
the immediately following sera also showed
complement fixation that was at the same
level or progressively declined through 2+
or 1+ and then became, and remained,
completely negative. It was decided, there-
fore, that CF titer changes from <1:4 to
^1:4 that could be confirmed on repeat
testing were serologically significant.

CF antibody titer rises and 229E isola-
tions found in the entire group of students
together with neutralizing antibody titer
rises of students with CF seroconversions
are presented in table 3. In the overall ex-
perience, which encompassed 937 "student
years" of observation, 133 students with CF
antibody titer rises were identified. One or
more students developed rises in each of the
six seasons and the frequency of rises in
any one season appeared to fall into one of
two patterns, "high" or "low". Thus, there
were three "high" seasons with 15 to 35 per
cent of students showing rises (1961-1962
—31 per cent, 1963-1964—15 per cent,
1966-1967—35 per cent) and three "low"
seasons with 1 to 5 per cent showing rises
(1962-1963—5 per cent, 1964-1965—1 per
cent, 1965-1966—3 per cent). The high fre-
quency seasons did not occur consecutively
but were separated by one or two low fre-
quency seasons.

High and low frequency seasons also dif-
fered in respect to the portion of the ob-
served CF rises that were "2x" (<1:4 to
1:4) and " ^ 4 x " (<1:4 to $sl:8). In high
frequency seasons, both 2x and ^ 4 x rises
occurred, with the latter comprising 76, 48
and 74 per cent of CF rises in the
1961-1962, 1963-1964 and 1966-1967 sea-
sons, respectively, and 64 per cent (85/133)
of all CF rises observed. In low frequency
seasons, only 2x rises were seen and in this
respect low frequency seasons differed sig-
nificantly from high frequency seasons (p
< .001).

NEUTRALIZING ANTIBODY

EISES TO 229E

Although CF cross-reactions between
229E and other viruses have not been de-
scribed, the specificity of this test is uncer-
tain. Therefore, neutralization tests were
also done on the sera of students with CF
rises. Of the 133 students with CF rises, 66
(50 per cent) had concomitant neutralizing
antibody rises. The portion of students with
neutralizing antibody rises showed a direct
relation to the extent of CF antibody rise
(table 4), being 35 per cent of 48 students
with 2x CF rises, 45 per cent for 53 stu-
dents with 4x rises and 78 per cent of 32
students with ^ 8 x rises. Among students
with 2x CF rises, concomitant neutralizing
antibody rises occurred less often in low than
in high frequency years (3/12 vs 14/36) but
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TABLE 4

Neutralizing antibody liter rises* in students vrilh

CF antibody liter rises according to extent

of CF rise

Season

19S1-83
1062-63
1903-64
HW4-6S
1965-66
1966-67

Totals

Fold increaje in CF titer

<2Xt

NDt
ND
ND
ND
ND

(4/123)V

2X

V8»
0/6
4/11
1/1
2/6
0/17

17/48

4X

0/18

6/6

«/29

24/63

8X

3/4

4/4

11/16

18/23

>16

4/4

3/fi

7/8

Totals

20/34
0/6

14/21
1/1
3/6

2fl/6fl

66/133

• ^4-fold increases in titer.
t <4 - 4 - 2X; <4 - 8 - 4X, eto.
X Not done.
} No. with neutralising antibody titer rise/no, with this ex-

tent of CF antibody titer rite.
1 Not included in totals.

this difference did not appear to be signifi-
cant (p = .5). One or more neutralizing
antibody titer rises occurred in all except
one season, 1962-1963.

COMPAEISON OF CF AND NEUTRAL-

IZING ANTIBODY SEEOCONVBBSION

KATES AND PREVALENCE

m 1966-1967

To further compare the CF and neutrali-
zation tests, neutralizing antibody titers
were determined in the November, January
and May sera of all but two of the students
under surveillance in the 1966-1967 season
(table 5). Of the 189 students with sera
surveyed by both tests, significant rises in
neutralizing antibody titer occurred in 33
(17 per cent) while 66 (35 per cent) devel-
oped CF rises. Four students showed sero-
conversion by neutralization test only and
37 by CF test only. Thus, CF seroconver-
sion to 229E occurred twice as often as
neutralizing antibody seroconversion and
the CF test alone identified 66 (94 per cent)
of the 70 students with seroconversion to
229E that were found when both tests were
used. In the November sera of these stu-
dents, CF antibody titers were uniformly
<1:4, while 169 (89 per cent) of the 189
students had neutralizing antibody at titers

RELATION OF PRE-INFECTION SERUM

NEUTRALIZING ANTIBODY LEVEL

TO CF AND NEUTRALIZING

ANTIBODY SEROCONVERSION

The serologic findings in the students
from whom 229E virus was isolated indi-
cated that the immune state characterized
by serum neutralizing antibody to this virus
did not preclude natural reinfection. Other
serologic evidence supported this. In the
1966-1967 season, pre-infection neutralizing
antibody titers ^1:4 were found in 62 (94
per cent) of 66 students with CF serocon-
version and in 28 (85 per cent) of 33 stu-
dents with neutralizing antibody serocon-
version; in the other five seasons of surveil-
lance, of 67 students with CF seroconver-
sion, 46 (69 per cent) had pre-rise neutral-
izing antibody titers 5=1:8.

To determine how reinfection was related
to the level of neutralizing antibody, neu-
tralizing and CF antibody seroconversion
rates were determined for the 189 students
of the 1966-1967 season according to the
level of neutralizing antibody found in their
November 1966 serum specimen (table 6).
A distinctly different relationship was
found between the preinfection neutralizing
antibody level and the frequency of sero-
conversion as determined by the two tests.
The frequency of neutralizing antibody ser-
oconversion was inversely related to the

TABLE 6

Serum neutralizing and CF antibody rises to SS9E

among 189 students in the 1966-67 surveillance year

Neutralizing
antibody titer rise*

Yes

No

Total with indicated
CF antibody re-
sponse

Complement
fixing antibody

titer riset

Yes

29
37

66

No

4

119

123

Total with
indicated

neutralizing
antibody
response

33

156

189

• > 4-fold rise in titer between November 1966
and May 1967.

t Titer increase from <1:4 to >1:4.
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TABLE 6

Neutralizing and CF antibody seroconversions* to
2S9E according to initial neutralizing antibody

titer (1966-67 surveillance year, 189 students)

Initial
neutralizing

antibody
Uterf

<4
4
8

16
>32

Students

No.

20
56
53
44
16

Neutralizing
antibody

seroconversion

No.

5
15
9
4
0

%
25
27
17
9
0

CF antibody
fte reconversion

No.

4
25
15
16
6

%
20
45
28
36
38

• CF = < l :4 -> >1:4; neutralization >4-fold.
fjReciprocal, initial serum dilution.

level of neutralizing antibody in the No-
vember serum (p = 0.05), while CF serocon-
version occurred with similar frequency ir-
respective of neutralizing antibody in the
November serum.

Strictly comparable data were not avail-
able for other years of the study when neu-
tralization tests were only done on sera of
students with CF titer rises. However,
among those students with CF seroconver-
sion, a significant (p < .01) inverse relation
between initial neutralizing antibody titer
and frequency of significant rise of neutral-
izing antibody was again seen (table 7).

CLINICAL MANIFESTATIONS OF
229E VIRUS INFECTION

Since students were sampled by culture
and serology during periods of good health
as well as periods of illness, a controlled
estimate could be made of the relation of
229E infection to acute respiratory illness.
Briefly, infection, whether determined by vi-
rus isolation or CF antibody seroconversion,
showed a significant relationship to acute
respiratory illness.

Of 12 virus isolations made in the 1961-
1962 and 1966-1967 seasons, 11 were from
521 cultures taken during respiratory illness
while one came from 1,927 cultures taken
during times of good health (p < .001).

The multiple serum specimens from the

133 students with CF seroconversions
spanned a total of 909 time periods of
known health status that could be divided,
according to the presence or absence of
acute respiratory illness, into "illness peri-
ods" and "wellness periods." CF serocon-
version to 229E occurred with a signifi-
cantly greater frequency during "illness pe-
riods" than during "wellness periods" (75
seroconversions/245 "illness periods" vs
58/664 "wellness periods" (p < .001)).

As cited above, CF seroconversion rates
to 229E were not related to presence or ab-
sence of homologous neutralizing antibody
in sera obtained prior to the time of the CF
antibody titer rise. It was also found that
the level of neutralizing antibody did not
clearly influence the likelihood that illness
would accompany CF seroconversion. There
was illness during the period of CF serocon-
version in 67 per cent of 49 students with
initial neutralizing antibody titers < 1:8 as
compared to 50 per cent of 84 students with
initial neutralizing antibody titers ^1:8 (p
> .05 < .10). Also, CF seroconversions
were illness associated with equal frequency
among students with and without concomi-
tant neutralizing antibody titer rises: 60
per cent vs 52 per cent (p > .3 < .5).

The clinical characteristics of these respi-
ratory illnesses were not distinctive. Symp-
toms reported by students during illnesses

TABLE 7

Neutralizing antibody seroconversion* to t£9E
according to pre-rise neutralizing antibody liter:
67 students with CF antibody seroconversions^

(Sept. 1961-Sept. 1966)

antibody titert

<8
8

16
32

No.

19
26
15
7

Students

Neutralizing anti-
body titer rlje

No.

12
19
5
0

%
63
73
33
0

• >4-fold rise in titer.
t <l:4-> >l:4.
t Reciprocal, initial serum dilution.
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Surveillance
year

1961-62
1962-63
1963-64
1964-65
1965-66
1966-CT

Sept. Oct.

1

TABLE 8

Seasonal pattern of g$9E infections

No. of students

Nov.

1

Dec. Jan.

(2)t
2
5

1
7

mth CF antibody rise* and/or viruj isolation!

Feb.

11, (5)
2
7

11

March

13, (1)

1

1
18, (3)

April

7
2
6
1
2

24, (1)

May

3

2

1
2

June

2

July Aug.

* <l:4-» >1:4.
f Virus isolations in parentheses.

associated with CF antibody titer rises to
this virus were those of undifferentiated
acute respiratory infections and did not dif-
fer significantly from those reported by
these and other students during respiratory
infections caused by rhino, RS or parain-
fluenza viruses.

SEASONAL PATTERN OF
229E INFECTIONS

The seasonal pattern of 229E infections,
as evidenced by virus isolation and CF an-
tibody titer rises, is presented in table 8. In
each of the six seasons of surveillance, virus
isolations and CF seroconversions occurred
almost exclusively in the winter and spring
months, the exception being 1966-1967
when CF rises were seen in October, No-
vember and June. If allowance is made for
the time interval by which positive serum
specimens post dated the time of infection
(two weeks with "illness" specimens and
longer with "routine" specimens) most
infections occurred during the months of
December through April.

DISCUSSION

Certain conclusions seem clear from the
observations based on virus isolation and
neutralizing antibody seroconversion. Infec-
tion with 229E virus was far from uncom-
mon and significantly related to acute res-
piratory illness. Infection occurred in a
winter-spring seasonal pattern similar to
that reported previously (9, 11) while the

pattern of prevalence over successive years
suggested this agent might circulate an-
nually in urban populations with seasons of
accentuated prevalence at two- to three-year
intervals. Infection was associated with
acute respiratory illness clinically indistin-
guishable from that caused by other com-
mon respiratory viruses, and serologically
followed by persistently elevated neutraliz-
ing and transiently elevated CF antibody
titers. Reinfection with 229E appeared to
be commonplace and pre-infection neutral-
izing antibody did not diminish (or in-
crease) the frequency of illness with infec-
tion.

Other interpretations of the data must re-
main tentative to the extent that the speci-
ficity of the CF test is not yet clearly de-
fined. Present information concerning this
may be summarized as follows. A serologic
relation of 229E to viruses of other common
groups has not been found in previous or
the present studies (1, 7). However, within
the coronavirus group, neither the number
of human respiratory immunotypes nor the
extent of their serologic cross-reactivity are
fully known. An antigenic relationship has
been demonstrated by CF and HI tests be-
tween certain members such as OC 38/43
and MHV, and other less well defined CF
cross-reactions may exist within the group
(7, 17). However, a common group antigen
such as is found in the adeno and influenza
viruses has not been demonstrated. In the
case of 229E, studies with hyperimmune an-
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imal sera have revealed no clear evidence of
CF cross-reactions between this virus and
MHV, IBV and OC 38/43 (7, 17). Further-
more, sera of human subjects with pre-
sumed or known infections with other respi-
ratory coronaviruses have only occasionally
shown heterotypic responses to 229E (7, 11,
17). However, even though these studies
have not demonstrated extensive CF cross-
relations between 229E and presently recog-
nized coronaviruses, the observations are
relatively few in number, do reveal some
degree of cross-reactivity and do not pre-
clude the possibility that this may exist to
an even greater extent with other as yet
unrecognized coronaviruses.

Seroconversion to 229E was found more
commonly by the CF than the neutralizing
antibody test. This was clearly seen in
1966-1967 when both tests were used to fol-
low all students: CF seroconversion oc-
curred in virtually all students with neu-
tralizing seroconversion (29 of 33); and an
additional 37 students showed seroconver-
sion by CF test only. In other years of the
study when neutralizing antibody tests were
only done on students with CF seroconver-
sion, only half of these showed significant
rises of neutralizing antibody titer. If it is
assumed that in these other years, as in
1966-1967, CF seroconversion identified
most of the students with neutralizing anti-
body titer rises, it was the overall experi-
ence that seroconversion to 229E occurred
twice as often by the CF as by the neutral-
izing antibody test.

This difference in CF and neutralizing
antibody seroconversion rates could not be
entirely accounted for by the decision that
2x CF rises were significant. Although stu-
dents with 2x CF titer rises showed con-
comitant neutralizing antibody seroconver-
sion less frequently than those with >4x
CF titer rises, 2x reactors appeared to re-
late to 5?4X reactors as the lower end of a
continuum in which the frequency of neu-
tralizing antibody seroconversion was di-
rectly related to the extent of CF antibody
titer rise. This was true in each of the high

prevalence seasons, and in the overall expe-
rience the portion of CF reactors with con-
comitant neutralizing antibody rises was 35,
45 and 78 per cent of students with 2x, 4X
and ^8X CF rises, respectively. It should
also be noted that 2X and ^ 4 x rises were
similar in respect to seasonal distribution
and the relation of seroconversion to illness.

Thus, either (or both) lesser specificity or
greater sensitivity of the CF test also con-
tributed to the difference in CF and neu-
tralizing antibody seroconversion rates. The
observations made in these studies do not
provide the basis for a clear choice between
these alternatives. Infection with other
virus (es) cross-reacting with 229E by CF
at low titer could be postulated as the ori-
gin of the small number of exclusively 2x
CF rises that were seen in low frequency
seasons, but this would not account for the
observation that three of 12 students with
CF rises under these circumstances had
concomitant neutralizing antibody titer
rises to 229E. A similar explanation could
be proposed for the finding that pre-existing
neutralizing antibody was associated with a
diminished frequency of seroconversion by
the neutralization test but did not influence
the frequency of seroconversion by the CF
test. However, if the CF seroconversions in
students with high levels of 229E neutraliz-
ing antibody in their pre-infection serum
were due to infection with one or more
other viruses having CF cross-reactivity
with 229E, it must be further assumed that
something acted to restrict infection rates
with the same agents in students with low
levels of 229E neutralizing antibody. Other-
wise, it might be expected that the latter
group of students, subject to infection with
229E as well as the hypothesized cross-re-
acting agents, would have shown higher CF
seroconversion rates than the students sub-
ject to infection only by the cross-reacting
viruses. The CF seroconversion rates ob-
served were, if anything, lower in students
with low levels of pre-infection neutralizing
antibody. That different agents would show
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such nicely reciprocal infection rates seems
somewhat improbable.

It is, however, also possible that the CF
test is almost or indeed as specific as the
neutralizing antibody test and, where serum
specimens are closely spaced, considerably
more sensitive. Immunologic factors related
to the transient elevation of CF antibody
and persistent elevation of neutralizing an-
tibody following infection could play a role
in this. The adverse effect of high levels of
pre-infection antibody on the serodiagnosis
of streptococcal and poliovirus infection has
previously been commented upon (18-20).
In the case of 229E, long persisting neutral-
izing antibody may diminish the likelihood
that the antigenic stimulus of reinfection
will evoke a measureable rise in titer of this
antibody while this would not be the case
with the CF antibody response. Indeed, if it
is assumed that at least a portion of the
antibody reacting in the CF test is pro-
duced by a segment of the immune system
that can develop persisting sensitization,
past infection would actually serve to en-
hance the frequency of measureable CF re-
sponse to reinfection.
• There is not yet sufficient information
about the human respiratory coronavimses
to determine the extent to which sensitivity,
specificity or both factors account for the
observed differences in neutralizing and CF
antibody seroconversion rates. Even so cer-
tain conclusions can be drawn from the re-
sults of the CF survey about the overall
role of these viruses in acute respiratory
illnesses of humans. Whether in response to
infection with only 229E or infection with
one or more other serotypes of coronavi-
ruses, CF antibody titer rises to 229E oc-
curred in all six seasons of these studies and
were significantly related to acute respira-
tory illnesses.

If the twofold greater CF than neutraliz-
ing antibody seroconversion rate is to be
attributable to lesser specificity of the CF
test, then among the human respiratory co-
ronaviruses yet to be discovered there must

be one or more that circulate widely and
share CF antigens with 229E. However, if
the difference in seroconversion rates is to
be attributed to the factor of sensitivity,
several other interesting considerations fol-
low. First, in respect to reinfection, the
nearly uniform rate of CF antibody sero-
conversion to 229E observed among indi-
viduals with high as well as low levels
of pre-infection neutralizing antibody de-
scribes a dissociation between naturally ac-
quired serum antibody and resistance to
reinfection (under conditions of natural
challenge) that is unusual. Although it has
been shown that naturally acquired local
respiratory tract antibody is a better pre-
dictor than serum antibody, of resistance to
reinfection with parainfluenza (21, 22) and
RS (23) viruses, a correlation has neverthe-
less been demonstrable between naturally
acquired serum antibody and resistance to
reinfection with influenza (24), parain-
fluenza (21, 22, 25) and rhinoviruses (26).
While the apparent dissociation of prechal-
lenge neutralizing antibody and reinfection
with 229E as measured by CF antibody ser-
oconversion may simply be an extreme ex-
ample of the fact that circulating antibody
is only an indirect indicator of surface im-
munity, it could also be interpreted as sug-
gesting that resistance to reinfection is par-
ticularly evanescent in the case of the
human respiratory coronavirus. That many
of the 229E infections were indeed reinfec-
tions was clear from both the virus isolation
and the neutralizing antibody seroconversion
data. Similar findings in respect to OC 43
have been described by Kaye et al. (12)
who found that almost 50 per cent of chil-
dren aged 10-14 years who developed HI
seroconversions to OC 43 had pre-existing
antibody titers of 1:10 or greater. It might
also be emphasized here that not only sero-
conversion rates but also the frequency
with which such seroconversions were ill-
ness associated were unaffected by the pres-
ence of pre-infection antibody in both the
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present studies of 229E and those of OC 43
(12).

An unusual aspect of the seroepide-
miology of 229E, referred to above (11),
might also be explained on the basis of
transience of CF antibody and the enhance-
ment of this antibody response after
reinfection. This is the failure to find CF
antibody in the acute or convalescent serum
specimens of either children hospitalized
with lower respiratory tract illness, or those
hospitalized for nonrespiratory tract dis-
ease, although such antibody was found in
sera collected from adults with acute respi-
ratory illness from the same general (but
different specific) locale and time period.
This could reflect the fact that 229E infec-
tions of young children are unusual, or at
least seldom of severity that requires hospi-
talization. However, the experience with
other viruses that cause acute respiratory
disease in the general population such as
influenza, parainfluenza, rhino and RS vi-
ruses is that they circulate among children
as well as or to a greater extent than among
adults (27, 28). Suggesting that this may
indeed also be true of 229E virus is the
finding by Bradburne (8) of neutralizing
antibody to this virus in the sera of eight of
32 children aged 0-5 years and serologic
studies in this laboratory indicating a simi-
lar prevalence of 229E in the pre-school age
group (29). Therefore, lessened serologic re-
sponsiveness rather than lower infection
rates in this age group must be entertained
as a possible explanation of the paucity of
CF antibody to 229E observed in the sera
of infants and young children.

Finally, this possible enhancement of CF
and diminution of neutralizing antibody re-
sponsiveness with reinfection could have an
important bearing on the procedure of
choice for serologic diagnosis of 229E infec-
tion in subjects of different ages. Thus, the
neutralization test would be the procedure
of choice for infants and young children,
and the CF test the most sensitive proce-

dure (provided serum specimens are closely
spaced) for older children and adults.
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